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Abstract
We investigate the physics of the lightest CP-even MSSM Higgs boson at the Teva-
tron, the LHC, a linear e+e− collider, a γγ collider and a µ+µ− collider. The analysis
is performed in the three most prominent soft SUSY-breaking scenarios, mSUGRA,
mGMSB and mAMSB. For all colliders the observability and parameter regions with
suppressed production cross sections (compared to a SM Higgs boson with the same
mass) are investigated. For the lepton and photon colliders the potential is analyzed
of precision measurements of the branching ratios of the light CP-even Higgs boson
for obtaining indirect bounds on the mass of the CP-odd Higgs boson and the high-
energy parameters of the soft SUSY-breaking scenarios. In regions of the parameter
space where the LHC can detect the heavy Higgs bosons, precision measurements of
the properties of the light Higgs boson at the linear collider can provide valuable in-
formation for distinguishing between the mSUGRA, mGMSB and mAMSB scenarios.
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1 Introduction
The search for the light neutral Higgs boson is a crucial test of Supersymmetry (SUSY) that
can be performed with the present and the next generation of high-energy colliders. The
prediction of a relatively light Higgs boson is common to all supersymmetric models whose
couplings remain in the perturbative regime up to a very high energy scale [1]. Finding the
Higgs boson and subsequently studying its couplings to fermions and bosons is thus one of
the main goals of high-energy physics. The data taken during the final year of LEP running
at
√
s >∼ 206 GeV have established a 95% C.L. exclusion limit for the Standard Model (SM)
Higgs boson of MHSM > 114.4 GeV. They showed a slight excess at about the 2σ level
of signal-like events over the background expectation, which would be compatible with the
expectation for the production of a Higgs boson with SM-like ZZH coupling with a mass
MHSM ≈ 116 ± 1 GeV [2]. In the Minimal Supersymmetric Standard Model (MSSM) the
mass of the lightest CP-even Higgs boson, mh, is bounded from above bymh <∼ 135 GeV [3,4]
(taking into account radiative corrections up to two-loop order [3,4,6,7,8,9,10,5,11,12,13,14]).
In the MSSM no specific assumptions are made about the underlying Supersymmetry-
(SUSY)-breaking mechanism, and a parameterization of all possible SUSY-breaking terms is
used. This gives rise to the huge number of more than 100 new parameters in addition to the
SM, which in principle can be chosen independently of each other. A phenomenological anal-
ysis of this model in full generality would clearly be very involved, and one usually restricts to
certain benchmark scenarios, see e.g. Refs. [15, 16, 17]. On the other hand, models in which
all the low-energy parameters are determined in terms of a few parameters at the Grand
Unification scale (or another high-energy scale), employing a specific soft SUSY-breaking sce-
nario, are much more predictive. The most prominent scenarios in the literature are minimal
Supergravity (mSUGRA) [18,19], minimal Gauge Mediated SUSY Breaking (mGMSB) [20]
and minimal Anomaly Mediated SUSY Breaking (mAMSB) [21, 22, 23]. Analyses of the
Higgs sector in these scenarios, mostly focusing only on the maximum value of mh, have
been performed in Refs. [24, 25, 26, 27, 28, 29, 30, 31]. A detailed comparison of the three soft
SUSY-breaking scenarios in terms of exclusion regions in the MA − tanβ-plane (where A
is the CP-odd Higgs boson and tan β the ratio of the vacuum expectation values of the
two Higgs doublets), their compatibility with the slight excess observed at LEP, and their
corresponding SUSY particle spectra can be found in Ref. [32].
In the present paper the work of Ref. [32] is extended to an analysis of the lightest CP-
even Higgs boson phenomenology at present and future colliders. We relate the input from
the three soft SUSY-breaking scenarios in a uniform way to the predictions for the low-energy
phenomenology in the Higgs sector, allowing thus a direct comparison of the predictions
arising from the different scenarios. The high-energy parameters given in the three scenarios
are related to the low-energy SUSY parameters via renormalization group (RG) running,
taking into account contributions up to two-loop order [33] (for a recent comparison of
different codes and current accuracies, see Ref. [34]). After transforming the parameters
obtained in this way into the corresponding on-shell parameters [35,36,37], they are used as
input for the program FeynHiggs [38,39,40]. As a result the Higgs boson mass spectrum and
the Higgs decay rates and branching ratios [41,42] have been obtained. Further restrictions
such as from precision observables and the non-observation of SUSY particles at LEP and
the Tevatron are also taken into account. For an analysis within the mSUGRA scenario
where also the cold dark matter (CDM) constraints are included, see Ref. [43]. Based on
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these predictions for the Higgs sector phenomenology, we analyze the observability of the
lightest MSSM Higgs boson at the Tevatron, the LHC, a future e+e− linear collider (LC),
a γγ collider (γC), and a µ+µ− collider (µC). Regions of the high-energy parameter space
with strongly suppressed Higgs production cross sections are identified. As the next step the
branching ratios of the lightest Higgs boson into SM fermions (h → bb¯, h → cc¯, h → τ+τ−)
and into W bosons (h → WW ∗) are compared for the mSUGRA, mGMSB and mAMSB
case. We show that the precise measurement of the various Higgs decay branching ratios can
be used to impose bounds on the value of MA and also the high-energy input parameters.
Our analysis considerably differs from existing studies of Higgs boson branching ratios in
the literature [44, 45, 46]. In these previous analyses, all parameters except for the one
under investigation (e.g. MA) have been kept fixed and the effect of an assumed deviation
between the MSSM and the SM has solely been attributed to this single free parameter. This
would correspond to a situation with a complete knowledge of all other SUSY parameters
without any experimental or theoretical uncertainty, which obviously leads to an unrealistic
enhancement of the sensitivity to the investigated parameter. In our analysis we performed a
more realistic study allowing all the SUSY parameters to vary. Furthermore, combined with
the information on MA that could be obtained from the LHC Higgs searches, we discuss the
possibility of distinguishing the three scenarios via the Higgs branching ratio measurements
at the LC.
The rest of the paper is organized as follows. In Sect. 2 we briefly review the three
soft SUSY-breaking scenarios and the evaluation of the low-energy data. The observability
of the lightest MSSM Higgs boson is investigated in Sect. 3. In Sect. 4 the potential is
analyzed of precision measurements of the Higgs boson branching ratios for obtaining indirect
constraints onMA and the high-energy parameters of the soft SUSY-breaking scenarios. The
possibility of a distinction of the mSUGRA, mGMSB and mAMSB scenarios is discussed.
The conclusions can be found in Sect. 5.
2 The low-energy sector and phenomenological con-
straints
In deriving the low-energy parameters in the three soft SUSY-breaking scenarios (mSUGRA,
mGMSB and mAMSB) from the high-energy input parameters we follow Ref. [32]. Thus, in
this section only the most relevant facts are briefly summarized.
2.1 The soft SUSY-breaking scenarios
The fact that no SUSY partners of the SM particles have so far been observed means that
low-energy SUSY cannot be realized as an unbroken symmetry in nature, and SUSY models
thus have to incorporate additional Supersymmetry breaking interactions. This is achieved
by adding to the Lagrangian (defined by the SU(3)C ×SU(2)L×U(1)Y gauge symmetry and
the superpotential W ) some further interaction terms that respect the gauge symmetry but
break Supersymmetry (softly, i.e. no quadratic divergences appear), so called “soft SUSY-
breaking” (SSB) terms. Assuming that the R-parity symmetry [47] is conserved, which we
do in this paper for all SUSY breaking scenarios, reduces the amount of new soft terms
allowed in the Lagrangian. Choosing a particular soft SUSY-breaking pattern allows further
2
reduction of the number of free parameters and the construction of predictive models. The
three most prominent scenarios for such models are
• mSUGRA (minimal Super Gravity scenario) [18, 19]:
Apart from the SM parameters (for the experimental values of the SM input parameters
we use Ref. [48]), 4 parameters and a sign are required to define the mSUGRA scenario:
{ m0 , m1/2 , A0 , tan β , sign(µ) } . (1)
While m0, m1/2 and A0 define the scalar and fermionic masses and the trilinear cou-
plings at the GUT scale (∼ 1016 GeV), tanβ (the ratio of the two vacuum expectation
values) and the sign(µ) (µ is the supersymmetric Higgs mass parameter) are defined
at the low-energy scale. For our numerical analysis, see Sects. 3, 4, we have scanned
over the following parameter space1:
50 GeV ≤ m0 ≤ 1 TeV ,
50 GeV ≤ m1/2 ≤ 1 TeV ,
−3 TeV ≤ A0 ≤ 3 TeV ,
1.5 ≤ tanβ ≤ 60 ,
signµ = +1. (2)
The low-energy spectrum has been evaluated with the programs SUITY/FeynSSG [51,
52].
• mGMSB (minimal Gauge Mediated SUSY-Breaking) [20]:
A very promising alternative to mSUGRA is based on the hypothesis that the soft
SUSY-breaking occurs at relatively low energy scales and is mediated mainly by gauge
interactions through the so-called “messenger sector” [54,53,20]. Also in this scenario,
the low-energy parameters depend on 4 parameters and a sign,
{Mmess, Nmess, Λ, tanβ, sign(µ) } , (3)
where Mmess is the overall messenger mass scale; Nmess is a number called the mes-
senger index, parameterizing the structure of the messenger sector; Λ is the universal
soft SUSY-breaking mass scale felt by the low-energy sector. The phenomenology of
mGMSB is characterized by the presence of a very light gravitino G˜ with mass given
by m3/2 = mG˜ =
F√
3M ′
P
≃
( √
F
100 TeV
)2
2.37 eV [55], where
√
F is the fundamental scale
of SSB and M ′P = 2.44× 1018 GeV is the reduced Planck mass. Since
√
F is typically
of order 100 TeV, the G˜ is always the LSP in these theories. The numerical analysis
in Sects. 3, 4 is based on the following scatter ranges:
104 GeV ≤ Λ ≤ 2 × 105 GeV ,
1.01Λ ≤ Mmess ≤ 105 Λ ,
1 ≤ Nmess ≤ 8 ,
1.5 ≤ tan β ≤ 60 ,
signµ = +1. (4)
1The sign of µ has been fixed to (+) (for all three soft SUSY-breaking scenarios), since this sign is favored
by the gµ − 2 [49] and the BR(b→ sγ) [50] constraints, see Sect. 2.3.
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The low-energy parameter sets for this scenario have been calculated by using the pro-
gram SUSYFIRE [56] and adopting the phenomenological approach of Refs. [57, 58, 59, 29].
• mAMSB (minimal Anomaly Mediated SUSY-Breaking) [21, 22, 23]:
In this model, SUSY breaking happens on a separate brane and is communicated to
the visible world via the super-Weyl anomaly. The particle spectrum is determined by
3 parameters and a sign:
{maux, m0, tanβ, sign(µ)}. (5)
The overall scale of SUSY particle masses is set by maux, which is the VEV of the
auxiliary field in the supergravity multiplet. m0 is introduced as a phenomenological
parameter to avoid negative slepton mass squares, for other approaches to this problem
see Refs. [21, 60, 61, 62, 63]. The scatter parameter space for the numerical analysis in
Sects. 3, 4 is chosen to be
20 TeV ≤ maux ≤ 100 TeV,
0 ≤ m0 ≤ 2 TeV,
1.5 ≤ tan β ≤ 60,
sign µ = +1. (6)
The low-energy spectrum has been derived with the code described in Ref. [26].
2.2 Evaluation of predictions in the Higgs boson sector of the
MSSM
The most relevant parameters for Higgs boson phenomenology in the MSSM are the mass
of the CP-odd Higgs boson, MA, the ratio of the two vacuum expectation values, tanβ, the
scalar top masses and mixing angle, mt˜1 , mt˜2 , θt˜, for large tan β also the scalar bottom masses
and mixing angle, mb˜1 , mb˜2 , θb˜, the supersymmetric Higgs mass parameter, µ, the U(1) and
SU(2) gaugino masses, M1 and M2, and the gluino mass, mg˜. These low-energy parameters
are derived from the high-energy parameters of the three soft SUSY-breaking scenarios via
RG running, see Ref. [32]. Since the RG running employed in the three scenarios is based on
the DR scheme, the corresponding low-energy parameters are DR parameters. In order to
derive predictions for observables, i.e. particle masses and mixing angles, these parameters
in general have to be converted into on-shell parameters.
For the predictions in the MSSM Higgs sector we use results obtained in the Feynman-
diagrammatic (FD) approach within the on-shell renormalization scheme as incorporated in
the Fortran code FeynHiggs [38, 39, 40] based on Refs. [5, 4, 3].
Our analysis is concerned with the main Higgs production and decay channels at different
colliders. To this end the predictions for the Higgs boson masses and effective couplings
(especially the effective mixing angle, αeff , in the neutral CP-even Higgs boson sector that
includes higher-order corrections) as well as for the branching ratios of the lightest MSSM
Higgs boson (and for a SM Higgs boson with the same mass) have been evaluated. The
effective mixing angle αeff is defined via
αeff = arctan
[ −(M2A +M2Z) sin β cos β − Σˆφ1φ2
M2Z cos
2 β +M2A sin
2 β − Σˆφ1 −m2h
]
, − pi
2
< αeff <
pi
2
. (7)
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Here Σˆs, s = φ1, φ2, φ1φ2 denotes the renormalized Higgs boson self-energies in the φ1 − φ2
basis. While the predictions for the decays of h→ bb¯, cc¯, τ+τ−, µ+µ− are based on Ref. [41],
including the higher-order corrections described in Ref. [64, 65], the other decay channels
have been derived with the code Hdecay [42], which has been implemented as a subroutine
in the latest version of FeynHiggs [40]. The proper transition from on-shell parameters in
FeynHiggs to DR parameters in Hdecay has been taken into account [35, 36, 37].
In order to derive the relative difference between a MSSM production or decay rate and
the corresponding SM rate (for the same Higgs boson mass), the following ratios have been
calculated (below the notation tt¯ → tt¯h refers to the processes qq¯, gg → tt¯h, and V V → h
refers to the vector boson fusion processes at the LHC and the LC, qq¯ → q′q¯′h, e+e− → ν¯νh,
respectively):
• qq¯, qq → V → V h (V =W,Z):
σSUSYhV
σSMhV
≈ sin2(β − αeff) (8)
• gg → h:
σSUSY(gg → h)
σSM(gg → h) ≈
ΓSUSY(h→ gg)
ΓSM(h→ gg) (9)
• qq¯, gg → tt¯→ tt¯h:
σSUSY(tt¯→ tt¯h)
σSM(tt¯→ tt¯h) ≈
cos2 αeff
sin2 β
(10)
• V V → h, (V =W,Z):
σSUSYVVh
σSMVVh
≈ sin2(β − αeff) (11)
• e+e− → Z → Zh:
σSUSYhZ
σSMhZ
≈ sin2(β − αeff) (12)
• γγ → h:
σSUSY(γγ → h)
σSM(γγ → h) ≈
ΓSUSY(h→ γγ)
ΓSM(h→ γγ) (13)
• µ+µ− → h:
σSUSY(µ+µ− → h)
σSM(µ+µ− → h) ≈
ΓSUSY(h→ µ+µ−)
ΓSM(h→ µ+µ−) (14)
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• Higgs boson decays:
BRSUSY(h→ bb¯)
BRSM(h→ bb¯) ,
BRSUSY(h→ cc¯)
BRSM(h→ cc¯) ,
BRSUSY(h→ τ+τ−)
BRSM(h→ τ+τ−) ,
BRSUSY(h→ γγ)
BRSM(h→ γγ) ,
BRSUSY(h→WW ∗)
BRSM(h→WW ∗) ,
BRSUSY(h→ gg)
BRSM(h→ gg) . (15)
For some of the cross sections in Eqs. (8) – (13) more complete results for the MSSM
exist in the literature than those used in our analysis, see e.g. Refs. [66, 67, 68, 69]. For the
qualitative analysis below, however, the approximations used here should be sufficient, see
e.g. the comparison in [66].
For the numerical analysis the above production and decay modes have been combined
to the most relevant channels for each collider, i.e. we have calculated the product
σSUSY(Higgs prod.)
σSM(Higgs prod.)
× BR
SUSY(Higgs decay)
BRSM(Higgs decay)
. (16)
We take into account all possible Higgs boson decay channels including the full set of SUSY
final states (in case the decay is kinematically allowed). This includes the invisible decay
into the lightest neutralino, h→ χ˜01χ˜01. However, we have not found any region of parameters
in the three soft SUSY-breaking scenarios in which this decay channel becomes sizable. In
the following, we list the relevant Higgs boson production and decay channels for the various
colliders:
• Tevatron:
qq¯ → V ∗ → V h → V bb¯ , (V = W,Z) (17)
• LHC:
gg → h → γγ (18)
qq¯, gg → tt¯ → tt¯h → tt¯bb¯ (19)
V V → h → τ+τ−,WW ∗ (20)
• LC:
e+e− → Z∗ → Zh → Zbb¯, Zcc¯, Zτ+τ−, ZWW ∗, Zgg (21)
WW → h → bb¯, cc¯, τ+τ−,WW ∗, gg (22)
Due to our approximations for the production processes the relative results of
σSUSY/σSM × BRSUSY/BRSM for the same final states in the two chains numerically
agree.
• γC:
γγ → h → bb¯,WW ∗, γγ (23)
• µC:
µ+µ− → h → bb¯, τ+τ−,WW ∗ (24)
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2.3 Phenomenological constraints
While our main focus in this paper is on the physics in the Higgs sector, we also take into
account some further (relatively mild) constraints when determining the allowed parameter
space. These constraints are briefly summarized here. (A more detailed discussion can be
found in Ref. [32].)
• LEP Higgs bounds:
The results from the Higgs search at LEP have excluded a considerable part of the
MSSM parameter space [70]. The results of the search for the MSSM Higgs bosons are
usually interpreted in three different benchmark scenarios [15]. The 95% C.L. exclusion
limit for the SM Higgs boson of MHSM > 114.4 GeV [2] applies also for the lightest
CP-even Higgs boson of the MSSM except for the parameter region with smallMA and
large tanβ. In the unconstrained MSSM this bound is reduced to mh > 91.0 GeV [70]
for MA <∼ 150 GeV and tan β >∼ 8 as a consequence of a reduced coupling of the Higgs
to the Z boson. For the CP-odd Higgs boson a lower bound of MA > 91.9 GeV has
been obtained [70]. In order to correctly interpolate between the parameter regions
where the SM lower bound2 of MHSM
>∼ 113 GeV and the bound mh >∼ 91 GeV apply,
we use the result for the Higgs-mass exclusion given with respect to the reduced ZZh
coupling squared (i.e. sin2(β−αeff)) [71]. We have compared the excluded region with
the theoretical prediction obtained at the two-loop level for mh and sin
2(β − αeff) for
each parameter set (using mt = 175 GeV).
• Precision observables:
The electroweak precision observables are affected by the whole spectrum of SUSY par-
ticles. The main SUSY contributions enter via the ρ-parameter [72]. In our analysis
we take into account the corrections arising from t˜/b˜ loops up to two-loop order [73].
A value of ∆ρ outside the experimentally preferred region of ∆ρSUSY <∼ 3 × 10−3 [48]
indicates experimentally disfavored t˜ and b˜ masses. The evaluation of ∆ρSUSY is im-
plemented in FeynHiggs.
• Experimental bounds on SUSY particle masses
In order to restrict the allowed parameter space in the three soft SUSY-breaking sce-
narios we employed the current experimental constraints on their low-energy mass
spectrum [48]. The precise values of the bounds that we have applied can be found in
Ref. [32].
• Other restrictions
We just briefly list here the further restrictions that we have taken into account. For
a detailed discussion see Ref. [32].
– The top quark mass is fixed to mt = 175 GeV.
2Instead of the actual experimental lower bound, MHSM
>∼ 114.4 GeV [2], we use the value of 113 GeV in
order to allow for some uncertainty in the theoretical evaluation ofmh from unknown higher-order corrections,
which is currently estimated to be ∼ 3 GeV [4].
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– The GUT or high-energy scale parameters are taken to be real, no SUSY CP-
violating phases are assumed.
– In all models under consideration the R-parity symmetry [47] is taken to be
conserved.
– Parameter sets that do not fulfil the condition3of radiative electroweak symmetry
breaking (REWSB) are discarded (already at the level of model generation).
– Parameter sets that do not fulfil the constraints that there should be no charge or
color breaking minima are discarded (already at the level of model generation).
– Contrary to Ref. [32] we did not apply a “naturalness bound” on the sfermion
and gluino mass, but just restricted the scanned parameter space as indicated in
Sect. 2.1. This is in fact not an important restriction for the σ ×BR calculation,
since very heavy SUSY particles tend to decouple from the observables we are
considering here, i.e. the quantity in Eq. (16) approaches 1.
– We demand that the lightest SUSY particle (LSP) is uncolored and uncharged.
In the mGMSB scenario the LSP is always the gravitino, so this condition is
automatically fulfilled. Within the mSUGRA and mAMSB scenario, the LSP is
required to be the lightest neutralino. Parameter sets that result in a different
LSP are excluded.
– We do not apply any further cosmological constraints, i.e. we do not demand a
relic density in the region favored by dark matter constraints [75].
– Although we do not apply constraints from BR(b → sγ) [50] or gµ − 2 of the
muon [49], we restrict ourselves to the case where the Higgsino mixing parameter
is positive, µ > 0. This choice is favored by the current data. The results with
negative µ can differ significantly from the case we consider here and would require
an additional analysis.
2.4 Bounds on mh and tanβ
Scanning over the parameter space of mSUGRA, mGMSB and mAMSB as described in
Sect. 2.1 and applying the constraints as described in Sect. 2.3 results in upper maximal
values of mh and lower bounds on tan β (for the general MSSM case, see Refs. [70, 76]). This
analysis has been performed in Ref. [32]. However, due to the progress in the mh evaluation,
see Ref. [4] for a review, these bounds have changed as compared to our earlier analysis.
Tab. 1 gives an update of the obtained mh and tanβ bounds.
3 Observability of the lightest MSSM Higgs boson
In this section the observability of the lightest MSSM Higgs boson at the different colliders is
analyzed. Especially at the hadron colliders a reduced σ×BR for certain channels compared
to the SM value could make it more difficult to establish a Higgs signal over the background.
3We use here the one-loop minimization conditions. Analytical two-loop expressions of O(αtαs + α2t )
for the minimization conditions have been recently given in Ref. [74]. The full two-loop corrections can be
derived numerically from the work of Ref. [14].
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mSUGRA mGMSB mAMSB
mmaxh [GeV] 126.6 123.2 124.5
tanβmin 2.9 3.2 3.8
Table 1: Upper bound on mh, mh < m
max
h , and lower bound on tanβ, tanβ > tanβ
min,
in the three soft SUSY-breaking scenarios (for mt = 175 GeV and taking into account the
phenomenological constraints of Sect. 2.3; no theoretical uncertainties from unknown higher-
order corrections are included in mmaxh ).
Before we discuss the observability of the lightest Higgs boson at the different colliders,
we briefly summarize the main features of the Higgs boson couplings in dependence on the
relevant SUSY parameters in the three soft SUSY-breaking scenarios. For a more extensive
discussion see e.g. Ref. [32]. The most important parameters are MA and tanβ, since they
enter the Higgs boson sector already at the tree-level. Deviations in the MSSM Higgs boson
production and decay as compared to the SM prediction arise in particular from modifications
in the hb¯b Yukawa coupling. The bottom and τ Yukawa coupling, being ∼ sinαeff/ cosβ ,
can be strongly enhanced for small MA and large tanβ values. This can lead to a strong
enhancement of the partial widths Γ(h → bb¯), Γ(h → τ+τ−) and therefore also of the total
Higgs boson width. This gives rise to a corresponding suppression of the branching ratios
of the other decay channels. In the case of mSUGRA, however, also a strong suppression of
the hb¯b and hτ+τ− Yukawa couplings could happen for small MA, large tanβ and large µ
due to radiative corrections leading to a small value of sinαeff .
• Tevatron:
In all three soft SUSY-breaking scenarios the Tevatron search channels are not signif-
icantly suppressed compared to the SM rates. The channel V → V h → V bb¯ is sup-
pressed by not more than 10% as compared to the SM value. Therefore the prospects
at the Tevatron for the discovery of the lightest MSSM Higgs boson are as good as for
the SM Higgs boson. A similar observation has already been made in Ref. [43] for the
mSUGRA scenario, where also other phenomenological constraints have been taken
into account.
• LHC:
We start our discussion with the channel gg → h→ γγ that is of particular importance
for a light SM-like Higgs boson with mh <∼ 130 GeV [77]. As has been shown in
Ref. [78, 79, 16], for certain values of the SUSY parameters this production channel
can be heavily suppressed for a wide region of the MA − tanβ-parameter space of the
unconstrained MSSM (see also Ref. [80] for an analysis in the mSUGRA scenario).
Since the event rate for this channel is relatively low (h → γγ being a rare decay), a
suppression of 50% or more would certainly pose a challenge to the experiment.
The situation within the three soft SUSY-breaking scenarios can be read off from
Fig. 1 4. Within the mSUGRA scenario a suppression of up to 10–20% is found for
MA <∼ 700 GeV for all tanβ values. For very large tan β, tanβ >∼ 50, a reduction even
4For a similar analysis for the charged Higgs bosons, see Ref. [81].
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Figure 1: The rate for the LHC channel gg → h→ γγ, normalized to the SM case with the
same Higgs boson mass, (σ×BR)SUSY/(σ×BR)SM, is shown in the MA–tanβ plane for the
mSUGRA, mGMSB and mAMSB scenarios (from top to bottom). The unconnected dots
appearing in this and the following figures reflect the fact that only a few points with very
low density appear in this area. However, increasing the density of the scatter data would
cover the whole area in which the dots are located.
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larger than 20% can be found. This suppression is due to the fact that the BR(h→ bb¯)
is strongly enhanced in this part of the parameter space, as explained in the beginning
of this section. This is in agreement with the result obtained in Ref. [43], where no
substantial reduction has been found, after other phenomenological constraints like
BR(b→ sγ), gµ−2 and especially the CDM restrictions had been applied. Concerning
the parameter space of the GUT scale parameters m0 and m1/2 (which is not shown
here explicitly), the reduction is found for all m0 and m1/2 <∼ 350 GeV. It should be
noticed that an enhancement of 50% or more is possible in the very small MA region
due to a possible strong suppression of h → bb¯ in accordance with the analysis in
Ref. [32].
The suppression can be stronger in the other two scenarios. Nearly all model points
with MA <∼ 400 GeV for mGMSB and mAMSB, which correspond to tanβ values of
tanβ >∼ 20, show a suppression of 20-50% (or even more). ForMA <∼ 200 GeV(300 GeV)
and tan β >∼ 50 (30 <∼ tan β <∼ 40) the reduction is even larger than 50% in mGMSB
(mAMSB). For larger MA values, MA >∼ 600 GeV, the SM value of σ × BR is ap-
proached. Concerning the high-energy parameters, the largest reduction in the mGMSB
scenario is found all over the parameter space forMmess and Nmess (with tanβ >∼ 50 and
Λ >∼ 30 TeV), whereas a reduction by 10-20% is mostly found for the lowest Λ values
for all Mmess values. Within mAMSB the largest reduction is found for m0 <∼ 700 GeV
and maux <∼ 4 × 104 GeV. Small values of the high-energy parameters correspond to
relatively small values of the low-energy SUSY parameters, which are required for a
sizable suppression of the gg → h → γγ channel [78, 79, 16]. The fact that the sup-
pression of this channel can be much more pronounced in mGMSB and mAMSB as
compared to mSUGRA originates to a large extent from the different behavior of the
BR(h→ bb¯) channel (see also below). This dominant decay channel can be much more
strongly enhanced in mGMSB and mABSB [32] and thus suppress the decay of the
lightest Higgs boson to photons.
It is interesting to note that only in the mAMSB scenario an enhancement of the
gg → h → γγ can be found in the intermediate MA region, which is absent in the
other scenarios (within mSUGRA the region of enhancement labeled with “1.0 – 1.2”
in general has values very close to 1.0). The reason for this enhancement is the following
combination of effects: for the intermediate MA region, the partial decay width Γ(h→
γγ) can be slightly enhanced due to loop corrections in mSUGRA and mGMSB (less
then 10%), while it is more enhanced in mAMSB (up to 20%). The total decay width
is dominated by Γ(h → bb¯), which can be enhanced up to 10 − 20% in mGMSB, but
10% at most within the mAMSB scenario. This results in a suppression (or at most
only a very mild increase) of BR(h→ γγ) within mSUGRA and mGMSB as compared
to the SM, but in an enhancement for mAMSB in the intermediate MA region.
We now consider the associated production channel at the LHC, qq¯, gg → tt¯→ tt¯h→
tt¯bb¯.5 In all three scenarios the rate is not suppressed compared to the SM rate by more
than 10% or even an enhancement by up to 10-20% occurs. Therefore this channel,
which is most relevant in the region 100 GeV <∼ mh <∼ 120 GeV [77], does not suffer
5Also some other channels for a SM Higgs boson have been studied, e.g. tt¯ → tt¯h → tt¯WW ∗ [82]. They
could be easily included in our analysis as outlined in Sect. 2. Since including these channels does not change
our qualitative results, we do not discuss them here explicitly.
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from suppression due to SUSY corrections in the three soft SUSY-breaking scenarios.
More severe suppressions are possible for the qq¯, gg → bb¯h channel. This channel can
be observed for very small MA and large tan β, but plays only a minor role concerning
the observability of the lightest MSSM Higgs boson at the LHC [83].
More recently also the Higgs boson production via W boson fusion, W+W− → h,
with a subsequent decay to τ+τ− pairs, W bosons or photons has been discussed, see
Refs. [84, 85] for a SM analyses and Refs. [86, 87] for the mode h→ τ+τ− in the MSSM
case. These channels can be relevant for the whole allowed mh range in the MSSM.
The mSUGRA scenario offers very good prospects for the decay into τ+τ−, which is
characterized by the coupling ∼ sinαeff/ cos β . Over almost the whole parameter space
the rate for σ×BR differs by less than 10% from the SM rate. Only for very small MA
and very high tan β a suppression is possible. This corresponds to the parameter space
where the heavy Higgs boson can have SM like couplings, see Fig. 1 in Ref. [32]. The
other channels (h→ WW ∗, γγ) show the following pattern: due to the increased decay
rates to fermions, at relatively small MA, 250 GeV <∼ MA <∼ 500 GeV, a suppression
of the decays into W bosons or photons is possible, while the value of the SM rate is
approached for larger MA.
The situation is similar in the mGMSB and mAMSB scenarios, besides that the sup-
pression of the τ+τ− channel for very small MA and very large tanβ is not found. For
the smallest possible values of MA and the largest possible values of tanβ a strong en-
hancement of these channels can be observed. This agrees with the results of Ref. [32],
where only in the mSUGRA scenario but not in the mGMSB and mAMSB scenario
a region of the parameter space has been found where the heavy Higgs boson is SM
like. Thus the h → τ+τ− channel is enhanced everywhere in mGMSB and mAMSB.
Correspondingly the two other channels, h → WW ∗ and h → γγ are suppressed ev-
erywhere. As an example, in Fig. 2 we show the channel WW → h → WW ∗ in the
mGMSB and the mAMSB scenario. For not too large MA, MA <∼ 550 GeV(700 GeV),
in mGMSB (mAMSB) a reduction larger than 10% can be observed. For larger MA
the results in the mGMSB and mAMSB scenarios approach the one in the SM.
• LC:
Due to its clean experimental environment, Higgs boson production should be easily
observable at the LC, i.e. in various channels even a significant suppression compared
to the SM rate would not be harmful [88, 89, 90]. Therefore the production channels
Z∗ → Zh and WW → h (which yield the same numerical result in our analysis, see
Sect. 2.2) and all decay channels, h → bb¯, cc¯, τ+τ−, WW ∗, gg, are observable in
the three soft SUSY-breaking scenarios. This applies also in the region of small MA,
MA <∼ 200 GeV, where a suppression of more than 50% can occur in all three scenarios.
We will therefore present a detailed analysis of the LC production and decay channels
only in the context of precision measurements, see Sect. 4.
• γC:
Also the γC, due to the Higgs boson production in the s-channel, offers very good
prospects for the Higgs boson observation [91, 44]. Only the decay h → γγ could
12
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Figure 2: The rate for the LHC channel WW → h → WW ∗, normalized to the SM case
with the same Higgs boson mass, is shown in the MA–tanβ plane for the mGMSB (upper
plot) and the mAMSB scenario (lower plot).
become problematic if it is strongly suppressed compared to the SM value (e.g. due to
an enhanced hbb¯ coupling).
In the mSUGRA scenario the h→ γγ channel and the h→ WW ∗ channel are very sim-
ilar. They can be suppressed by more than 20% only for very large tanβ, tanβ >∼ 50,
or for tan β ≈ 10 with the smallest allowed MA values. On the other hand, the h→ bb¯
and h→ τ+τ− modes are unproblematic within mSUGRA and show either only a very
small suppression or even some enhancement, with the only exception of a possible
suppression at very large tan β.
In the mGMSB scenario the h → bb¯ and h → τ+τ− channels are always enhanced.
The h → γγ and h → WW ∗ channels show a suppression of more than 50% for
MA <∼ 100 GeV, while forMA <∼ 600 GeV still a suppression of more than 10% occurs,
see Fig. 3 for the h → γγ channel. The situation is quite similar in the mAMSB
scenario, with an exception in the intermediate MA region, 600 − 1300 GeV, where
13
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Figure 3: The rate for the γC channel γγ → h → γγ, normalized to the SM case with the
same Higgs boson mass, is shown in the MA–tanβ plane for the mGMSB (upper plot) and
the mAMSB scenario (lower plot).
there is an enhancement of the h → γγ mode compared to the one obtained in the
mGMSB scenario, see Fig. 3. The reason for this enhancement is similar to the case
of the gg → h → γγ channel at the LHC (see also the discussion of Fig. 1). There
the branching ratio for h→ γγ is enhanced in mAMSB as compared to mGMSB (and
mSUGRA). At the γC the effect is even more pronounced since the enhanced γγh
vertex now also enters in the Higgs production. Correspondingly, the γγ → h → γγ
channel can be only slightly enhanced in mGMSB, but more strongly increased in the
mAMSB scenario. For the process V V → h → WW ∗ that is important at the LHC
and the LC, see e.g. Fig. 2, the mGMSB and the mAMSB scenario are very similar,
since no hγγ vertex is involved.
• µC:
Finally, to complete our analysis, we also briefly look at the µC. This collider offers
good prospects since the Higgs boson can be produced in the s-channel without a
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loop suppression like at the γC, however with the relatively small µ+µ−h Yukawa cou-
pling [92, 93]. The production of SUSY Higgs bosons at the µC has been extensively
discussed in the literature, see e.g. Refs. [92, 93] and references therein, but the impact
of the different SUSY-breaking scenarios has not been investigated yet. In the uncon-
strained MSSM it is possible that the µ+µ−h coupling, being ∼ sinαeff/ cos β , can
become very small if αeff → 0 because of loop corrections [93, 94]. In this parameter
region, on the other hand, H , A production at the µC happens with an enhanced rate
and offers good prospects for resolving H and A as separate resonances [93, 94].
The feature of a suppressed µ+µ−h coupling can also be realized in the mSUGRA
scenario when the heavy (and not the light) CP-even Higgs boson is SM like. This
is possible for very high tan β and small MA, MA <∼ 300 GeV (note that here no
CDM constraints are taken into account, in contrast to the analysis of Ref. [93]).
In this parameter region a strong suppression is possible for all µC channels of the
light CP-even Higgs boson (while H , A production happens at enhanced rates). In
the rest of the parameter space the h → bb¯ and h → τ+τ− channel are strongly
enhanced forMA <∼ 700 GeV. For very largeMA an enhancement of up to 10% occurs.
Correspondingly, the h → WW ∗ channel is not enhanced, but still within 10% of the
SM value.
Within mGMSB and mAMSB the suppression of the µ+µ−h coupling is not present.
Because of the coupling factor sinαeff/ cosβ the h → bb¯ and h → τ+τ− channels are
strongly enhanced for small MA, while the SM value is approached for large values of
MA. The h → WW ∗ channel, being enhanced with the sinαeff/ cos β factor only at
the production vertex, is less enhanced, but should be unproblematic for the whole
parameter space.
The results of this section are summarized in Tab. 2. The modes gg → h→ γγ, tt¯→ tt¯h
and WW → h → WW ∗, τ+τ−, γγ allow the detection of the lightest MSSM Higgs boson
in all three scenarios over the whole indicated parameter space. Possible exceptions occur
for the gg → h → γγ channel for the very small MA region in the mGMSB and mAMSB
scenarios, where a strong suppression of more than 50% could happen. Because of the clean
experimental environment at a LC, detection of the light Higgs is ensured for all the three
scenarios. For a γC, the region of very smallMA values in the mGMSB and mAMSB scenarios
might be difficult for the h → WW ∗ and h → γγ mode because of a strong suppression of
more than 50%. At the µC, the region MA <∼ 150 GeV and tanβ >∼ 50 in the mSUGRA
scenario exhibits a significant suppression of the production of the lightest CP-even MSSM
Higgs boson. Besides the “difficult” regions mentioned above, the main search modes at
the γC and the µC are not affected by strong suppression for all three scenarios, and the
lightest MSSM Higgs boson in these scenarios will clearly be detectable at all possible future
colliders.
4 Precision analyses of the Higgs masses and branch-
ing ratios
We now investigate the potential of Higgs branching ratio measurements at future colliders
for testing the underlying SUSY model. We concentrate our analysis on the LC and the
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Table 2: Behavior of the production and decay modes of the lightest CP-even Higgs boson
of the MSSM, see Eq. (16), for the most relevant channels at present and future colliders
in three different SUSY breaking scenarios. When there is suppression or enhancement we
indicate its maximum magnitude together with the parameters where this happens. If not
stated explicitly, for the rest of the parameter space the mode behaves roughly like in the
SM. The Higgs mass range where detection of a statistically significant signal is possible is
also shown [95,96]. The phrase “n.f.e.” stands for “not fully explored” and refers to channels
where the studies so far have been performed for some fixed mh values only.
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γC, since the anticipated precisions of at the LHC will in general be much worse, while on
the other hand branching ratio measurements of the light Higgs boson at the µC are not
expected to yield substantially better results than at the LC.
Over most of the parameter space of the scenarios discussed here one would of course also
expect to observe direct production of SUSY particles at the next generation of colliders.
However, we concentrate our analysis on information obtainable from the Higgs sector with-
out assuming further knowledge of the SUSY spectrum. In a realistic situation one would
of course confront the model under study with all available experimental information.
Tab. 3 lists the anticipated accuracies in different channels at the LC [88, 97] and the
γC [91, 44]. The values given in Tab. 3 correspond to a SM-like Higgs boson with a mass
compatible with the allowed mass range of the lightest CP-even Higgs boson in the three
soft SUSY-breaking scenarios according to the upper bounds given in Tab. 1. There is of
course some variation in the accuracy with which the branching ratios can be measured over
the allowed range of mh. For simplicity, we assume a constant precision over the allowed
mass range for each channel with a value referring to the middle of the allowed range. In
parameter regions where the MSSM rate differs drastically from the SM rate the prospective
precision will of course be different than in the SM. While in extreme cases like this it will be
easy to infer properties of the SUSY model from Higgs sector measurements, we will focus
in our analysis below on moderate deviations between the MSSM and the SM, for which the
values given in Tab. 3 can be applied in good approximation. We will indicate the deviation
between the MSSM and the SM in terms of the accuracies given in Tab. 3, i.e. a “±nσ”
deviation means that the calculated MSSM value of σ×BR deviates from the corresponding
SM value (with MHSM = mh) by (±n× precision).
collider decay mode precision
LC h→ bb¯ 1.5%
LC h→ τ+τ− 4.5%
LC h→ cc¯ 6%
LC h→ gg 4%
LC h→WW ∗ 3%
γC h→ bb¯ 2%
γC h→WW ∗ 5%
γC h→ γγ 11%
Table 3: Anticipated precisions for measurements of Higgs branching ratios at the LC [88,97]
and the γC [91,44]. The values are given for a SM-like Higgs boson with a mass compatible
with the allowed mass range of the lightest CP-even Higgs boson in the three soft SUSY-
breaking scenarios, see text.
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4.1 Sensitivity to MA and tanβ
While within the MSSM the prospects for the detection of the lightest CP-even Higgs boson
at the next generation of colliders are very good, the situation is quite different for direct
observation of the CP-odd A boson. At the LHC the detection of this particle can be very
difficult over sizable fractions of the MSSM parameter space (see e.g. Ref. [77, 98]), while it
may be outside the kinematical reach of the LC (see Refs. [67, 99] for a recent account of
this subject). Thus, it is of interest to study the potential for obtaining indirect bounds on
MA from precision measurements. Exploiting the sensitivity to MA can be done in a similar
fashion as nowadays for the SM Higgs, where indirect bounds are derived from electroweak
precision tests. Since in the decoupling limit, MA ≫ MZ , the Higgs sector of the MSSM
becomes SM-like, deviations in the production and decay of the lightest CP-even Higgs boson
of the MSSM can in principle be translated into an upper bound onMA. If direct information
on MA is available, the indirect sensitivity to MA allows a stringent test of the model.
Several analyses of the sensitivity to MA at the LC or the γC have been carried out in
the literature [43,44,45,46,100] (for an analysis focusing on the measurements with a GigaZ
option of the LC see Ref. [101]). While in many of these analyses particular “benchmark”
values of the SUSY parameters have been chosen, we perform a detailed scan over the
parameter space of the three soft SUSY-breaking scenarios. This is in contrast to previous
studies on the Higgs branching ratios in the literature [44, 45, 46], where all parameters
except for the one under investigation have been kept fixed. In this case the assumed
deviation between the MSSM and the SM is solely attributed to this single free parameter.
This corresponds to a situation with a complete knowledge of all other SUSY parameters
without any experimental or theoretical uncertainty, which obviously leads to an unrealistic
enhancement of the sensitivity to the investigated parameter. Allowing the other SUSY
(and SM) parameters to vary within reasonable ranges would result in reduced sensitivities
as compared to the ones reported in these studies.
Since assumptions about which part of the SUSY spectrum might be accessible at the
next generation of colliders are necessarily very speculative, we do not assume any further
information beyond the Higgs sector at all and perform a full scan over the parameter space of
the three soft SUSY-breaking scenarios. The resulting sensitivity to MA (which effectively
covers also possible theoretical uncertainties6 ) can thus be interpreted as a “worst case”
scenario within mSUGRA, mGMSB and mAMSB, which could be improved by incorporating
further information from other sectors of the model.
In Fig. 4 the indirect sensitivity to MA within the mSUGRA scenario is investigated for
the channels h→ bb¯, cc¯, τ+τ−,WW ∗ at the LC. The figure shows the regions in theMA–tanβ
plane where the result in the mSUGRA scenario differs from the SM prediction by 1σ, 2σ or
3σ, according to the prospective accuracy at the LC as given in Tab. 3. The corresponding
sensitivities at the γC (which are not shown here) turn out to be usually worse than at the
LC for the mSUGRA scenario.
If a 2σ or 3σ deviation of the Higgs branching ratios from the corresponding SM values
is found at the LC, an upper bound on MA can be inferred within the mSUGRA scenario
6Note that the presently largest theoretical uncertainty in the MSSM Higgs sector, which arises from the
experimental error of the top-quark mass, will be drastically reduced by the precise measurement of mt at
the LC.
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Figure 4: Indirect sensitivity to MA in the mSUGRA scenario: for the channels h → bb¯,
h→ cc¯, h→ τ+τ− and h→WW ∗ (from top to bottom) the regions in the MA–tan β plane
are shown where the result in the mSUGRA scenario differs from the SM prediction by 1σ,
2σ or 3σ, assuming the prospective accuracy at the LC according to Tab. 3.
19
according to Fig. 4. In particular, the h → WW ∗ channel yields an upper bound on MA
of 500− 600 GeV (depending on tanβ) for a more than 3σ deviation, 600− 700 GeV for a
deviation in excess of 2σ, while deviations of more than 1σ occur forMA up to 800−1000 GeV
within the mSUGRA scenario. On the other hand, measuring a suppression in the h →
bb¯ and/or h → τ+τ− channel (left column of Fig. 4) or an enhancement in the h → cc¯
and/or h → WW ∗ channel (right column of Fig. 4) would determine tanβ to lie within
35 <∼ tanβ <∼ 55 in the mSUGRA scenario. The mSUGRA scenario is the only of the
three soft SUSY-breaking scenarios that could accommodate a suppression of the h → bb¯
and/or h → τ+τ− channel7. Thus these measurements can help to distinguish the soft
SUSY-breaking scenarios, see Sect. 4.3.
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Figure 5: Indirect sensitivity to MA in the mGMSB scenario: for the channels h→ bb¯ (top
left), h→ cc¯ (top right), h→ τ+τ− (bottom left) and h→WW ∗ (bottom right) the regions
in the MA–tan β plane are shown where the result in the mGMSB scenario differs from the
SM prediction by 1σ, 2σ or 3σ, assuming the prospective accuracy at the LC according to
Tab. 3.
In Fig. 5 we show the sensitivity to MA within the mGMSB scenario for the channels
h → bb¯, cc¯, τ+τ−,WW ∗ at the LC. The corresponding results for h → bb¯,WW ∗ at the
γC are displayed in Fig. 6 (which yields comparable sensitivities in this scenario). As for
7In our O(50000) mGMSB scatter points we have found two points with MA ≈ 100 GeV and tanβ ≈ 55
that exhibit a very strong suppression of the h → bb¯ and h → τ+τ− channel by more than 50%. However,
these points appear to be rather fine-tuned and we did not include them into our analysis.
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Figure 6: Indirect sensitivity to MA in the mGMSB scenario: for the channels h→ bb¯ (left)
and h→WW ∗ (right) the regions in the MA–tanβ plane are shown where the result in the
mGMSB scenario differs from the SM prediction by 1σ, 2σ or 3σ, assuming the prospective
accuracy at the γC according to Tab. 3.
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Figure 7: Indirect sensitivity to MA in the mAMSB scenario: for the channels h→ bb¯ (top
left), h→ cc¯ (top right), h→ τ+τ− (bottom left) and h→WW ∗ (bottom right) the regions
in the MA–tanβ plane are shown where the result in the mAMSB scenario differs from the
SM prediction by 1σ, 2σ or 3σ, assuming the prospective accuracy at the LC according to
Tab. 3.
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mSUGRA, the observation of a 2σ or 3σ deviation compared to the SM prediction will allow
to establish an upper bound on MA within the mGMSB scenario. Also in this case the
h → WW ∗ channel shows significant deviations from the SM prediction over a wider range
of theMA–tanβ plane than the other channels. For a more than 2σ deviation in this channel
an upper bound on MA of about 700 GeV (depending somewhat on tanβ) can be inferred.
Bigger deviations result in correspondingly lower upper bounds on MA.
In Fig. 7 the sensitivity to MA within the mAMSB scenario is displayed for the channels
h → bb¯, cc¯, τ+τ−,WW ∗ at the LC. The sensitivities at the γC are usually worse in this
scenario. As for the other two scenarios, in general an upper bound onMA can be established
if a 2σ or 3σ deviation from the SM result is observed. Again in particular the h →
WW ∗ channel offers good prospects for observing sizable deviations. It allows to set an
upper bound on MA of 800 − 900 GeV (depending on tanβ) if a deviation of more than
2σ is observed. Higher deviations result in correspondingly lower upper bounds on MA.
Comparing the results for the h → WW ∗ channel in the mAMSB scenario with the other
scenarios, in the mAMSB scenario sizable deviations from the SM prediction occur over
a wider parameter space in the MA–tanβ plane than in the other scenarios. Thus, the
prospects for experimentally establishing a deviation from the SM prediction and in this way
inferring an upper bound on MA appear to be particularly good in the mAMSB scenario.
4.2 Sensitivity to high-energy parameters
Besides providing sensitivity to MA, precise measurements of Higgs branching rations at
the LC can also yield indirect information on the high-energy parameters of the different
soft SUSY-breaking scenarios. In Fig. 8 the results for the channels h→ bb¯, cc¯, τ+τ−,WW ∗
are shown in the m1/2–m0 plane for the mSUGRA scenario. While the indirect constraints
that can be obtained with a 2σ or 3σ deviation on m0 are rather mild, stronger bounds can
be obtained for m1/2. This reflects the fact that MA and the squark masses are strongly
correlated with the m1/2 value. Combining the channels, an upper bound of ∼ 350 GeV on
m1/2 can be set if a deviation of more than 3σ from the SM prediction is observed, a 2σ
deviation constrains m1/2 to be smaller than ∼ 450 GeV, while deviations of more than 1σ
occur for m1/2 <∼ 650 GeV.
Concerning the mGMSB scenario (which is not displayed here) the indirect constraints
are weaker. Results deviating from the SM prediction for the h → WW ∗ channel by 3σ,
for instance, are distributed over nearly the whole Mmess–Λ plane. Thus, establishing a non
SM-like behavior in the Higgs sector alone is not sufficient to derive indirect bounds onMmess
and Λ, further experimental information is necessary to constrain these parameters. On the
other hand, weak lower limits on Mmess, Λ could be set, which can cut out the lower edge of
the mGMSB allowed Mmess–Λ area, if the deviation from the SM value is found to be small.
In Fig. 9 the results for the channels h → bb¯, cc¯ are shown in the m0–maux plane for
the mAMSB scenario. Like in the mGMSB scenario, deviations of 3σ or 2σ with respect
to the SM prediction occur over a rather wide range of m0 and maux values. An observed
deviation of 3σ would constrain m0 to be smaller than ∼ 1100 GeV, while maux would have
to be smaller than ∼ 6 · 104 GeV. Observation of a 2σ deviation would allow to set an
upper bound on m0 of m0 <∼ 1400 GeV, while restricting the parameter space to the one
compatible with a 2σ deviation does not significantly reduce the range of possible values of
maux in Fig. 9.
22
0 200 400 600 800 1000
0
200
400
600
800
1000
m1/2   (GeV)
m
0 
 
 
(G
eV
)
mSUGRA
VVh −> bb−
< −3 σ
−3 σ − −2 σ
−2 σ − −1 σ
−1 σ − 0
0 200 400 600 800 1000
0
200
400
600
800
1000
m1/2   (GeV)
m
0 
 
 
(G
eV
)
0 − 1 σ
1 σ − 2 σ
2 σ − 3 σ
> 3 σ
0 200 400 600 800 1000
0
200
400
600
800
1000
m1/2   (GeV)
m
0 
 
 
(G
eV
)
< −3 σ
−3 σ − −2 σ
−2 σ − −1 σ
−1 σ − 0
0 200 400 600 800 1000
0
200
400
600
800
1000
m1/2   (GeV)
m
0 
 
 
(G
eV
)
mSUGRA
VVh −> cc−
0 − 1 σ
1 σ − 2 σ
2 σ − 3 σ
> 3 σ
0 200 400 600 800 1000
0
200
400
600
800
1000
m1/2   (GeV)
m
0 
 
 
(G
eV
)
mSUGRA
VVh −> τ+τ−
< −3 σ
−3 σ − −2 σ
−2 σ − −1 σ
−1 σ − 0
0 200 400 600 800 1000
0
200
400
600
800
1000
m1/2   (GeV)
m
0 
 
 
(G
eV
)
0 − 1 σ
1 σ − 2 σ
2 σ − 3 σ
> 3 σ
0 200 400 600 800 1000
0
200
400
600
800
1000
m1/2   (GeV)
m
0 
 
 
(G
eV
)
< −3 σ
−3 σ − −2 σ
−2 σ − −1 σ
−1 σ − 0
0 200 400 600 800 1000
0
200
400
600
800
1000
m1/2   (GeV)
m
0 
 
 
(G
eV
)
mSUGRA
VVh −> WW*
0 − 1 σ
1 σ − 2 σ
2 σ − 3 σ
> 3 σ
Figure 8: Indirect sensitivity tom0, m1/2 in the mSUGRA scenario: for the channels h→ bb¯,
h → cc¯, h → τ+τ− and h → WW ∗ (from top to bottom) the regions in the m1/2–m0 plane
are shown where the result in the mSUGRA scenario differs from the SM prediction by 1σ,
2σ or 3σ, assuming the prospective accuracy at the LC according to Tab. 3.
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Figure 9: Indirect sensitivity to m0, maux in the mAMSB scenario: for the channels h→ bb¯
(left) and h→ cc¯ (right) the regions in the m0–maux plane are shown where the result in the
mAMSB scenario differs from the SM prediction by 1σ, 2σ or 3σ, assuming the prospective
accuracy at the LC according to Tab. 3.
4.3 Discrimination between soft SUSY-breaking scenarios
We now investigate the potential of precise measurements of Higgs branching ratios at a LC
for distinguishing between the three soft SUSY-breaking scenarios. The main experimental
test of different SUSY-breaking scenarios will of course be to confront their predictions for the
SUSY spectrum with the results obtained from the direct observation of SUSY particles. The
analysis of the Higgs sector, however, may contribute further valuable information. Since
the different soft SUSY-breaking scenarios predict different mass patterns for the SUSY
particles, variations in the results for the Higgs sector observables for the same value of MA
can be expected.
As starting point of our analysis, as above, we do not assume experimental input from
other sectors of the MSSM, but concentrate on the Higgs sector. Clearly, resolving differences
between the predictions of the three scenarios via measurements in the Higgs sector will
require some experimental information on the tree-level parameters of the Higgs sector, MA
and tan β. Therefore we will focus on a scenario where the LHC can detect the heavy
MSSM Higgs bosons via their decays H/A → τ+τ− (with the main production channel
bb¯ → bb¯ H/A), which can be realized for large tanβ and not too large MA [77, 102]. As a
specific example we assume that the LHC provides a measurement of MA as well as a lower
bound on tan β,
500 GeV <∼MA <∼ 600 GeV, tanβ >∼ 30 . (25)
The results of the analysis below would improve for smaller values of MA, while for a larger
MA and smaller tanβ observation of the heavy Higgs bosons at the LHC would become
increasingly difficult. Restricting the data set of our scan, see Sect. 2.1, to those parameter
points fulfilling Eq. (25) we compare the predictions for the different branching ratios arising
from the three scenarios. As above, we indicate the deviations from the SM prediction in
terms of the prospective accuracy at the LC according to Tab. 3.
In Fig. 10 we show the results for the channels h → bb¯ and h → gg. The results for
these channels, as for the others that are not shown (h → τ+τ−, h → cc¯ and h → WW ∗),
are similar and show the following general pattern (see also the discussion in Sect. 3 and
Sect. 4.1): for the MA values corresponding to Eq. (25) the mAMSB scenario gives rise
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Figure 10: Comparison of BR(h → bb¯) (top) and BR(h → gg) (bottom) in the three soft
SUSY-breaking scenarios via LC measurements.
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to larger deviations in the branching ratios from the SM values than the mGMSB scenario.
Thus, if in the situation of Eq. (25) a 3σ deviation from the SM value were found in BR(h→
bb¯) and a −4σ deviation in BR(h → gg), this would be better compatible with an AMSB
scenario than with a mGMSB scenario. If, on the other hand, the branching ratios were found
to agree well with the SM prediction, this would be best compatible with a SUSY-breaking
scenario of mSUGRA type.
As a consequence, precision measurements at the LC of the branching ratios of the
light CP-even Higgs boson of the MSSM may indicate a preference among the three soft
SUSY-breaking scenarios at the 1-2σ level. This information will be complementary to the
information from the direct observation of SUSY particles.
The different behavior as a function of MA in the three scenarios can be traced back
mainly to different loop contributions to the off-diagonal entry in the Higgs propagator
matrix, Σˆφ1φ2 , which according to Eq. (7) give rise to differences in the effective mixing
angle αeff entering the Higgs couplings. Especially the dominant decay channel h → bb¯,
being ∼ sin2 αeff/ cos2 β , is strongly affected. While in the mSUGRA scenario Σˆφ1φ2 has
in general fairly large and negative values, in the mGMSB scenario Σˆφ1φ2 is small, and in
the mAMSB scenario it gets large and positive values. In combination with the tree-level
dependence on MA, see Eq. (7), this leads to a different degree of decoupling with respect
to the SM result as function of MA.
So far we have not assumed any additional experimental input on the SUSY spectrum
from the Tevatron or the LHC. We have checked, however, that the results in Fig. 10 are
essentially unmodified if parameter points for which the Tevatron will detect SUSY particles
are excluded from the scan.
Concerning possible experimental information on the SUSY spectrum from the LHC, the
situation strongly depends on the assumed scenario. For illustration we thus restrict to one
particular example, shown in Fig. 11. The regions indicated by dashed lines correspond to
parameter regions in the three scenarios where experimental information on the light scalar
top quark is assumed,
800 GeV <∼ mt˜1 <∼ 900 GeV. (26)
The shaded areas surrounded by full lines correspond to the case where furthermore the
gluino mass is assumed to be bounded by
900 GeV <∼ mg˜ <∼ 1000 GeV. (27)
As expected, assuming direct experimental information on the SUSY spectrum in addition
to measurements in the Higgs sector significantly enhances the sensitivity for distinguishing
between the different soft SUSY-breaking scenarios. While for the particular scenario studied
here it is not possible to distinguish between the mGMSB and mSUGRA scenarios on the
basis of the Higgs branching ratios alone, additional information on tan β would allow a clear
distinction.
5 Conclusions
We have investigated the relevant production and decay channels of the lightest CP-even
MSSM Higgs boson at the Tevatron, the LHC, an e+e− LC, a γC and a µC within the
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Figure 11: Comparison of BR(h → bb¯) (top) and BR(h → gg) (bottom) in the three
soft SUSY-breaking scenarios via LC measurements, assuming direct input on the SUSY
spectrum from the LHC. The areas surrounded by dashed lines correspond to the parameter
regions in the three scenarios where the light scalar top mass lies in the region 800 GeV ≤
mt˜1 ≤ 900 GeV, while the shaded areas surrounded by full lines correspond to the case where
furthermore the gluino mass is known to be constrained by 900 GeV ≤ mg˜ ≤ 1000 GeV.
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mSUGRA, mGMSB and mAMSB scenarios. The values of σ×BR have been compared with
the corresponding SM values with the same Higgs boson mass, MHSM = mh. In this context
we have also updated earlier results on the upper bound onmh within the three scenarios and
on the lower bounds on tanβ that can be inferred by confronting the theoretical predictions
with the LEP exclusion limit.
We have first analyzed the observability of the lightest MSSM Higgs boson at the differ-
ent colliders. The modes gg → h → γγ, tt¯ → tt¯h and WW → h → WW ∗, τ+τ−, γγ allow
the detection of the lightest MSSM Higgs boson in all three scenarios over the whole cor-
responding parameter space. Possible exceptions occur for the very small MA region in the
mGMSB and mAMSB scenarios, where a strong suppression of more than 50% could happen
for gg → h→ γγ. Within the clean experimental environment of the LC the observation of
the light Higgs will be ensured for all three scenarios. For a γC, the very small MA region in
mGMSB and mAMSB can be problematic for the h→ bb¯ and h→ τ+τ− mode. At the µC,
MA <∼ 150 GeV and tanβ >∼ 50 for mSUGRA exhibits a strong suppression for the h → bb¯
and h → τ+τ− mode, while on the other hand in this parameter region the production of
the heavy MSSM Higgs bosons H , A happens with an enhanced rate. Besides these difficult
regions, the main search modes at a γC and a µC do not suffer from severe suppressions with
respect to the SM case in all three scenarios. The results of this analysis are summarized in
Tab. 2. Thus, all possible future colliders offer very good prospects for detecting the lightest
CP-even Higgs boson of the MSSM in an mSUGRA, mGMSB or mAMSB scenario.
We then investigated the potential of precision measurements of Higgs branching ratios
at the LC and the γC for establishing indirect constraints onMA and tan β. For this analysis
we have not assumed any further experimental information on the SUSY spectrum, i.e. a
full scan over the parameter space (restricting to the case µ > 0) has been performed. If
deviations of the Higgs branching ratios from their SM values will be found at the 2–3σ
level, it will be possible to establish an upper bound for MA significantly below 1 TeV in all
three scenarios. The biggest sensitivity will come from the h→WW ∗ and h→ cc¯ channels.
Within the mSUGRA scenario, furthermore a bound on tan β of 35 <∼ tan β <∼ 55 can be
obtained if a suppression of the h→ bb¯ and/or h→ τ+τ− channel or an enhancement in the
h→ cc¯ and/or h→ WW ∗ channel with respect to the SM values is observed. If this would
be the case, this could be independently confirmed by Higgs mediated B-physics observables
like B0 → µ+µ− or B0 − B¯0 mixing.
Similarly, precise measurements of σ×BR at the LC can also provide indirect information
on the high-energy parameters of the three soft SUSY-breaking scenarios. While within the
mGMSB scenario the experimental determination of the Higgs branching ratios will allow
to set only very weak bounds on the high-energy parameters, within mSUGRA relatively
strong bounds on m1/2 and in mAMSB moderate bounds on m0 could be set.
Finally we have investigated the potential of precise measurements of σ × BR at a LC
to distinguish between the three soft SUSY-breaking scenarios. For this analysis we have
assumed a situation where experimental information onMA (and to a lesser extent on tan β)
obtained at the LHC can be combined with precision measurements of the properties of
the light Higgs boson at the LC, see also Ref. [103]. If a significant suppression of the
h→ bb¯ and/or h→ τ+τ− channel with respect to its SM value were found, this would point
towards the mSUGRA scenario, irrespectively of the actual value ofMA (withMA <∼ 1 TeV).
Otherwise, assuming in our example MA to be restricted to 500 GeV <∼ MA <∼ 600 GeV,
precise measurements of σ × BR in particular in the h → bb¯ and h → gg channels may
28
indicate a preference among the three soft SUSY-breaking scenarios at the 1–2σ level. This
information might be valuable as it complements the one about the SUSY spectrum from
the direct observation of SUSY particles.
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